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SPECIFICATION 

Title of the Invention 

LINEAR ENERGY BEAM IRRADIATION SYSTEM 
Claim 

A linear energy beam irradiation system, having a turntable for 
mounting thereon an object to be processed and a linear energy beam 
source disposed in a radial direction of said turntable, for 
irradiating said object to be processed with a linear energy beam 
from said linear energy beam source, characterized by further 
comprising an irradiating beam rotation means for rotating, 
according to rotation of said turntable, an irradiating beam on 
said object to be processed by said linear energy beam by the same 
amount as the rotation angle of said turntable about a point in 
a radial direction of said turntable, a beam source movement means 
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for moving said linear energy beam source in said radial direction 
of said turntable, and an irradiated region control means where 
a plurality of rectangular openings are spirally disposed, an 
irradiated region with said linear energy beam surrounded by a pair 
of arcs and a pair of parallel lines formed by said irradiating 
beam being controlled by said irradiated region control means . 

Detailed Description of the Invention 

[Industrial Field] 

The present invention relates to an irradiation system of a linear 
energy beam on an object to be processed which is preferred in 
application to, for example, a system for forming a single 
crystalline silicon film by recrystallizing a polycrystalline 
silicon film on an insulating substrate. 

[Prior Art] 

In response to the demands for higher density and higher performance 
of a silicon semiconductor device represented by an LSI, so-called 
SOI (Silicon on Insulator) technique for forming a silicon 
crystalline thin film on an insulating substrate has been developed. 
This is a technique for forming a silicon single crystalline film 
by putting a polycrystalline silicon film on an oxide film as an 
insulating layer formed on a quartz substrate or a silicon 
crystalline substrate (a wafer), melting the polycrystalline 
silicon film locally for a short time by, for example, irradiation 
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of a linear electron beam, and then cooling it to recrystalllze . 

First, with reference to Figs. 5 to 7, description is made with 
regard to an example of a structure of, as a conventional linear 
energy beam irradiation system, a system for forming a single 
crystalline silicon film by recrystallizing a polycrys talline 
silicon film on an insulating substrate . In Figs . 5 and 6 , a numeral 
(2) denotes a turntable for mounted thereon a plurality of wafers 
(1) which have a polycrystalline silicon film put thereon such that 
the plurality of wafers (1) cover a plurality of appropriately 
disposed openings (2a) in the turntable (2). The turntable ( 2 ) is 
rotated by a motor (4) through a rotation shaft (3) . A numeral (6) 
denotes an electron beam source for generating a linear electron 
beam (5), and is disposed so as to face the wafers (1) one by one. 
A control power source (7) for controlling the beam source (6) is 
supplied with a rotational position information signal from an 
encoder ( 8 ) directly connected with the motor ( 4 ) . A known rotation 
control circuit (9) is connected between the encoder (8) and the 
motor (4) . 

The wafers (1), the turntable (2), and the beam source (6) are all 
contained in a vacuum container (10). An appropriate number of 
windows (11) made of quartz glass are provided in the vacuum 
container (10) so as to face the respective openings (2a) in the 
turntable (2) . An infrared ray lamp (12) for preheating the wafers 
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(1) is disposed outside the windows (11). An exhaust tube (13) of 
the vacuum container (10) is connected with a vacuum pump which 
is not shown in the figures, it is to be noted that the infrared 
ray lamp (la) is dlsposed so as not tQ face the electr<>n ^ 
(6). 

Operation of the conventional linear beam irradiation system is 
as follows. 

The wafers (1) on the openings (2a) in the turntable (2) are 
preheated through the windows (U) by the infrared ray lamp (12). 
When the wafers (1, reach a predetermined temperature, the infrared 
ray lamp (12) is deactivated, and the turntable (2) is driven by 
the motor (4) to rotate at, for example, about 500 - 1000 rpm. When 
the turntable (2) reaches a predetermined speed, the timing of the 
control power source (7) is controlled by a rotational position 
information signal supplied from the encoder (8), and an electron 
beam (5) is emitted from the linear electron beam source (6) during 
the period necessary for the turntable (2) to rotate by an angle 
2 e as shown in Fig . 7 . In this way, as shown in Fig. 7 , SOI patterns 
represented by (lp). (lq) , and (lr) on the wafer (1) ^ 

every moment by the irradiating beam by the electron beam (5) 
represented by (5a), (5b). and (5c) to melt the polycrystalline 
silicon film. After that, cooling is conducted for 

"crystallization, and a single crystalline silicon film is formed. 



4 



bl d ^zseio 8 *iHs«ofcO-K)0/n : frO-60-=2-01/ 



=miMm-\M/ 1000SXVJ=£8S6fc06£0£=-l»«>H4 



[Problems to be Solved by the Invention] 

However r with the conventional linear beam irradiation system, 
since the longitudinal direction of the linear beam ( 5 ) is in the 
direction of the radius vector of the turntable (2), as shown in 
Fig. 7, the irradiating beams (5a) - (5c) are arranged radially 
on the wafer ( 1 ) , and thus , there is a problem that , depending on 
the distance from the rotation shaft (3) of the turntable (2), the 
irradiated energy density of the electron beam (5) differs, and 
the wafer (1) can not be processed uniformly. There is also a 
problem that the longitudinal direction of the irradiating beams 
(5a) - (5c) is not necessarily the direction of the arrangement 
of the patterns (lp) - (lr) on the wafer (1), the processing 
condition for recrystallization subtly differs depending on the 
position, and thus, the reproducibility is not satisfactory. 

Further, even in case the beam irradiation time is long enough for 
the irradiating beams (5a) - (5c) to scan from one end to the other 
of the wafer (1), the length of the beam (5) limits the size of 
the wafer (1) which can be processed, and thus, a wafer having a 
large diameter can not be processed. 

One way to solve these problems may be that the wafer is moved in 
a radial direction of the turntable. However, this is problematic 
in that a complicated mechanism is necessary to move the wafer on 
the turntable. 
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Further, there is another problem that, in order to improve the 
efficiency of the processing, the number of beam irradiations per 
wafer has to be made as small as possible, 

(Means to Solve the Problems] 

According to the present invention, a linear energy beam irradiation 
system, having a turntable (2) for mounting thereon an object (1) 
to be processed and a linear energy beam source (6) disposed in 
a radial direction of the turntable (2) , for irradiating the object 

(1) to be processed with a linear energy beam from the linear energy 
beam source ( 6 ) further comprises an irradiating beam rotation means 
(71) for rotating, according to rotation of the turntable (2). an 
irradiating beam on the object (1) to be processed by the linear 
energy beam by the same amount as the rotation angle of the turntable 

(2) about a point in a radial direction of the turntable (2), a 
beam source movement means (90) for moving the linear energy beam 
source (6) in the radial direction of the turntable (2), and an 
irradiated region control means (20) where a plurality of 
rectangular openings (21a) - (21d) are spirally disposed, an 
irradiated region with the linear energy beam surrounded by a pair 
of arcs and a pair of parallel lines formed by the irradiating beam 
being controlled by the irradiated region control means (20). 

[Action] 

According to the present invention, the linear energy beam source 
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(6) is rotated by the irradiating beam rotation means (71) 
synchronously with the turntable (2), and further, is moved in the 
longitudinal direction of the beam by the beam source movement means 
(90). By appropriately rotating the irradiated region control 
means (20) according to the movement of the beam source (6), 
irradiation control regions (21p) - (21s) by the respective 
rectangular openings (21a) - (2 Id) are connected on the object (1) 
to be processed. 

[Embodiment 1 

An embodiment of a linear energy beam irradiation system according 
to the present invention is described in the following with 
reference to Figs. 1-4. In Pigs. 1 and 2, parts corresponding 
to those in Figs . 5 and 6 are designated by like characters , and 
the description thereof is omitted to avoid redundancy. 

In Figs. 1 and 2, a numeral (20) denotes a beam mask made of metal 
having a high melting point such as molybdenum. The beam mask (20) 
is disposed above and coaxially with the turntable (2) . A carbon 
sheet or the like is put on a surface facing the turntable (2) of 
the beam mask (20) . Two sets of a plurality of rectangular windows 
(21) {(21a) - (21d)} and (22) {(22a) - (22d)} are disposed at angular 
intervals of 45° so as to get closer to the center of the mask (20) 
by their width w in this order. The windows (21) and (22) are set 
such that the width w multiplied by an integer (four in this 
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embodiment) equals to or is a little larger than the diameter of 
the wafer (1). The linear electron beam (5) passing through the 
windows (21) and (22) divides into a plurality of regions and 
irradiates the whole surface of two wafers (1) {{l x ) and (1 2 )}. 
Since the two sets of windows (21) and (22) are disposed 
symmetrically with respect to the center of the turntable (2), in 
the following, description common to the two sets of windows (21) 
and (22) will be represented by that with respect to the set of 
windows (21) . 

A numeral (23) denotes a lifting and rotating mechanism for lifting 
and rotating the mask ( 20 ) ♦ The lifting and rotating mechanism ( 23 ) 
is integrally attached to the lower end of the rotation shaft (3) 
of the turntable (2) , and is coupled with the beam mask (20) through 
a coupling rod (24) disposed in the rotation shaft (3) . The lifting 
and rotating mechanism (23) has a motor (25) for rotating the mask 
(20) with required accuracy. The motor (25) is connected with the 
coupling rod (24) by a clutch (26). Also, the encoder (8) is 
attached to the lifting and rotating mechanism (23) . A gear (31) 
is attached to the lower portion of the rotation shaft (3), while 
another gear (32) for engaging with the gear (31) is attached to 
the motor (4). The turntable (2) and the mask (21) are driven by 
the motor (4) through the gears (31) and (32) and are rotated 
integrally . 
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Numerals ( 70 ) and ( 71 ) denote an arm member and a motor for driving 
the arm member, respectively. A rotation shaft (72) of the arm 
member (70) pierces the vacuum container (14) and is connected with 
the motor (71) through gears (76) and (77). Bases (6 lb ) and (6 2b ) 
of a pair of electron beam sources ( 6 ) { ( 6, ) and ( 6, ) } are slidably 
engaged with guide protruding elongations (78) and (79). 
respectively, of the arm member (70). Here, the beam sources ( 6l ) 
and (6 2 ) are attached such that their longitudinal direction is the 
longitudinal direction of the arm member (70) . An encoder (73) is 
attached to the lower end of the rotation shaft (72) through a beam 
source moving mechanism (90) which will be described in the 
following. A numeral (74) denotes a comparison circuit. The 
comparison circuit (74) is supplied with a reference rotational 
position information signal of the turntable (2) from the encoder 
(8) , and is supplied with a rotational position information signal 
of the electron beam sources (6) from the encoder (73) . Output of 
the comparison circuit (74) is supplied through a drive amplifier 
(75) to the motor (71). 

The beam source moving mechanism (90) is integrally attached to 
the other end of the rotation shaft (72) of the arm member (70). 
A motor (91) of the beam source moving mechanism (90) is connected 
through a clutch (92) with a drive shaft (93) disposed in the 
rotation shaft (72) . Numerals (94) and (95) are screws for moving, 
and screw the bases (6 lb ) and (6 2b ) of the electron beam sources (6J 
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and (6 2 ) , respectively. A driving gear (96) is attached to one end 
of the drive shaft (93), while driven gears (97) and (98) engaging 
with the driving gear (96) are attached to the screws for moving 
(94) and (95) , respectively. In this way, the two beam sources (6J 
and (6 2 ) are disposed symmetrically with respect to the rotation 
shaft (72) of the arm member (70) and are disposed so as to be moved 
symmetrically with respect to the rotation shaft (72). 

Operation of the present embodiment is as follows. 

First, the motor for moving (91) is connected with the screws for 
moving (94) and (95) through the clutch (92) and the gears (97) 
and (98) such that the electron beam Irradiates the same position 
of the two wafers (lj and (1 2 ), for example, the second divided 
regions which are the second farthest from the center of the 
turntable (2), and the electron beam(61 x ) is driven so as to face 
the second divided region of the wafer (l x ) . At the same time, the 
mask lifting and rotating mechanism (23) is actuated to lift up 
the mask (20) . After that, the motor (25) is appropriately rotated 
to make the second window (21b) from the periphery of the mask (20) 
face the second divided region of the wafer (l x ) , and the mask (20) 
is lifted down to return by the mask lifting and rotating mechanism 
(23). Then, the mask (20) uniformly presses the wafers (l x ) and 
(1 2 ) to fix them onto the turntable (2) , and the mask (20) is clamped 
with the wafers (1J and (1 2 ) being held without fail. 
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After the clutches (26) and (92) are released and, similarly to 
a conventional case, the wafers (1) are preheated by the infrared 
ray lamp (12) through the circular openings (2a) in the turntable 
(2), the turntable (2) is rotated. When the turntable (2) under 
the control of the rotation control circuit (9) reaches a constant- 
speed rotating state and emission of the linear electron beam (5) 
from the electron beam source (6J is started, the first wafer 
is in a position shown by a circle (la) in Fig. 3. Here, the 
longitudinal direction (83a) of the linear electron beam source 
(6 X ) is in parallel with a line (82a) connecting the center (81a) 
of the wafer (la) and the center (2c) of the turntable (2). 

Since the turntable (2) rotates counterclockwise by an angle 2 
9 during the emission period of the linear electron beam, the wafer 

(1) moves through a position shown by a circle (lb) to a position 
shown by a circle ( 1c) . During this period, the electron beam source 
(6 X ) is driven by the motor (71) to rotate similarly clockwise about 
the rotation center C 60 at the same speed as that of the turntable 

(2) , and moves through a position shown by a region ( 6b) to a position 
shown by a region (6c). The longitudinal direction (83c) of the 
region (6c) is in parallel with a line (82c) connecting the center 
(81c) of the wafer (lc) and the center (2c) of the turntable (2). 

As described in the above, since the irradiating beams (5d), (5e), 
and (5f ) by the linear electron beam (5) emitted every moment from 
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the electron beam sources (6J {(6a) - (6c)} which is rotated 
synchronously with the turntable (2) are, as shown in Fig. 4, in 
parallel with the radius vector of the turntable (2) through the 
center on the wafer (1), the density of the irradiating beams on 
the wafer (1) is made uniform. 

By the way, in case there is no beam mask (20) , the irradiated region 
by the electron beams is an aggregate of irradiating beams emitted 
every moment from the end where the irradiation begins (5d) to the 
end where the irradiation ends (5f), and, when the part of uneven 
strength at the edges in the longitudinal direction of the beams 
is removed, the shape is like an arc having a large width as shown 
in Fig. 4, with both an upper edge (84) and a lower edge (85) thereof 
having a radius of curvature equal to the distance R between the 
center (2c) of the turntable (2) and the rotation center C 60 of the 
electron beam source (6). 

However, the irradiation control region where the above-mentioned 
irradiated region is controlled by the beam mask (20) equals to 
the projection (21p) of the window (21) of the mask (20) on the 
wafer (1). As shown in Fig. 4, the shape of the window (21) is set 
such that the long side of the projection (21p) does not intersect 
the arcs (84) and (85), In this way, the window (21) removes the 
part of uneven strength at the start and end of the irradiation 
and at the edges in the longitudinal direction of the linear beams 
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(5) , and thus, the irradiated energy density in the irradiation 
control region is made uniform. 

Even after irradiation of the second divided region of the first 
wafer (1J ends, the turntable (2) continues to rotate at the 
constant speed, and the second wafer (1 2 ) together with the window 
(22b) of the beam mask (20) comes below the electron beam source 

(6) . Here, the arm member (70) have to be rotated by 180° in the 
same way as the turntable (2) to make the electron beam source (6 2 ) 
occupy the position shown by the region (6a) in Fig. 3. Since a 
linear beam does not have a component in its longitudinal direction, 
in the present embodiment, the arm member (70) to which the electron 
beam source (6) is attached can be continuously rotated, and the 
control of the rotation is very simple. In this case, power supply 
to the electron beam source (6) is conducted through a slip ring. 

It is to be noted that the rotation of the motors (71) and (4) may 
be controlled by a microcomputer. 

After a first electron beam irradiation with regard to the two wafers 
(l x ) and (1 2 ) ends, without stopping the rotation of the turntable 
(2), the mask lifting and rotating mechanism (23) again lifts up 
the mask (20). Then, the clutch (26) is engaged to rotate 
appropriately the motor (25) thereby rotating the mask (20) 
clockwise by 45° such that the window (21a) next to the window (21b) 
of the mask (20) faces the first divided region of the wafer (1 L ) . 
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At the same time, the clutch (92) of the beam source moving mechanism 
(90) is engaged to rotate appropriately the motor (91) thereby 
driving the screws for moving (94) and (95) such that the two beam 
sources (6J and (6 2 ) are moved toward the rotation shaft (72) of 
the arm member ( 72 ) symmetrically with respect to the rotation shaft 
(72) . In order to make the second irradiation control region (the 
region shown by a chain line (22S) in Fig. 4 adjoin the first one, 
the distance of the movement is set to be equal to the width w of 
the window ( 21 ) of the beam mask ( 20 ) . The electron beam irradiation 
is repeated in similar cycles as mentiioned in the above to process 
uniformly the whole surface of the wafer* 

By the way, as mentioned in the above, the radius of curvature of 
the upper and lower edges of the arc -like irradiation region having 
the large width on the wafer to be processed equal to the distance 
R between the rotation centers of the turntable and of the electron 
beam source. If the rotation angle 2 0 of the turntable and the 
beam source during the period of one beam rotation is constant, 
the larger the distance R between the rotation centers is , the larger 
the length of the arc of the irradiation region becomes and the 
larger the irradiation region becomes, thereby making it possible 
to lessen the number of irradiations per wafer. 

In addition, the larger the distance between the rotation centers 
of the turntable and of the electron beam source becomes , the more 
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the shape of the irradiation region on the wafer resembles a 
rectangular, thereby making it possible to lessen the portion 
shielded by the beam mask. 

Though the pair of electron beam sources (6J and (6 2 ) are used in 
the above embodiment, an electron beam source (6) may be attached 
only to one end of the arm member (70) with an appropriate balancer 
attached to the other end and with a motor having good starting 
characteristics such as a step motor used as the drive motor (71) 
to rotate the electron beam source (6) clockwise during the pause 
of the electron beam. In order to make such reciprocating rotation 
also at a constant speed, it is preferable to provide a starting 
period and an ending period before and after the required period 
at the constant speed, respectively. 

It is to be noted that, in this case, for the mask(20), one pair 
of windows (21a) - (21d) are disposed spirally at angular intervals 
of 90° , for example. 

The present invention has been described in the above in case it 
is applied to silicon wafer processing using an electron beam. 
However, the present invention is not limited to the above 
embodiment, and, laser light, an X ray, a heat ray, an ion beam, 
or the like may be used as the linear beam and the present invention 
may be applied to not only a semiconductor but also an insulator 
and a metal as the object to be processed. 
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[Effects of the Invention] 

As described in detail in the above, according to the present 
invention, since an irradiation region having a wide width on an 
object to be processed is controlled by rotating a linear energy 
beam source by the same amount as the rotation angle of a turntable 
with the object to be processed mounted thereon, moving the beam 
source in the radial direction of the turntable, and rotating 
appropriately, according to the movement of the beam source, an 
irradiated region control means where a plurality of rectangular 
openings are spirally disposed, the irradiation control regions 
by the respective rectangular openings can be connected on the 
object to be processed, and, though a simple beam source moving 
mechanism is used, the whole surface of a large diameter object 
to be processed can be irradiated uniformly with a small number 
of irradiations. Brief Description of the Drawings 

Figs. 1 and 2 are a plan view and a block diagram, respectively, 
of an embodiment of a linear energy beam irradiation system 
according to the present invention. Figs. 3 and 4 are schematic 
diagrams for illustrating the present invention. Figs. 5 and 6 are 
a plan view and a block diagram, respectively, of an example of 
a conventional linear energy beam irradiation system. Fig. 7 is 
a diagram for illustrating the conventional system. 

(2) denotes a turntable, (6), (6 X ), and (6 2 ) denote linear energy 
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beam sources, (20) denotes a beam mask, (23) denotes a mask lifting 
and rotating mechanism. (51) denotes a motor for moving. (71) 
denotes a motor for rotating the beam source, and (90) denotes a 
beam source moving mechanism. 

Attorney: Tadashi Itoh 

- ditto- Hidemori Matsukuma 
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Fig. 1 



73 ... encoder 

90 ... beam source moving mechanism 

91 .„ motor 
71 ... motor 

74 ~ comparison 

75 «. amplification 

7 «. control power source 
6 X ... beam source 

6 a ... beam source 

l x ... wafer 

1 2 ... wafer 

2 ~. turntable 

4 „ motor 

9 ... rotation control 

23 ... mask rotating mechanism 

25 ... motor 

8 .„ encoder 
20.- mask 



Fig. 6 
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1 ~ wafer 

2 ... turntable 

4 ... motor 

5 ... linear beam 

6 ... linear beam source 

7 ... control power source 

8 ^. encoder 

9 ... rotation control 

11 ~ quartz window 

12 ... infrared ray lamp 
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